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Global patterns and long-range problems 
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This inquiry summarizes global water resources and patterns of use, applies indicators of 
water sustainability in order to identify areas of water stress, and examines prospects for 
water sustainability in the 21st century. A long-range conventional development scenario is 
introduced based on a vision of the future in which the values, consumption patterns and 
dynamics of the Western industrial society will be progressively played out on a global 
scale. The scenario is driven by commonly cited projections of population and economic 
growth, assumes no major changes in water policy and, following historic trends, 
incorporates progressive improvements in the efficiency of water use. The scenario helps 
clarify the constraints of a conventional picture of water development, and provides a useful 
point of departure for examining alternative long-range scenarios and their implications for 
water and development policy. In the conventional development scenario, there is growing 
pressure on water resources, particularly in developing regions. Strategies for beginning a 
transition to a sustainable water development path are summarized. 


Water is the lifeblood of the biosphere, flowing in a 
great hydrological cycle from the oceans to the 
atmosphere to the land and back again. Terrestrial 
freshwater flows — the subject of this study — are a 
balancing term in global water accounts. At any 
time, fresh water is but a small component of total 
water resources, comprising just a few percent of 
world water resources. Lakes, rivers, reservoirs and 
groundwater aquifers account for less than a third 
of fresh water with the rest locked in glaciers and 
permanent snow cover. 

The mobilization of freshwater resources for 
human use has grown rapidly during the past 
century. This growth in water use was closely tied to 
the industrial revolution, which ushered in a period 
of unprecedented growth in population, consumption 
and resource use. Referring to Table 1, total water 
use since 1900 has increased by a factor of five due to 
increases in both population and use per capita. 
Since 1950 alone, global population and water use 
have more than doubled, while economic output has 
increased by a factor of five. 

Annual global water withdrawals of 3000 km? are 
about 8% of the average annual runoff of about 
41000 m?. Taken alone, these figures would suggest 
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that human uses of fresh water are modest relative 
to available renewable resources. For several 
reasons, however, the sufficiency of fresh water is 
more problematic than might appear from global 
comparisons of resources and requirements (FAO, 
1993). First, most of the annual runoff is in the form 
of floods, leaving only about one-third, or 14000 
km? per year, as a steady supply (L’vovitch, 1974). 
Second, sustainable water use requires that adequate 
flows be maintained for the protection of river, lake 
and wetland ecosystems. In addition, such instream 
human uses of river and lake water as recreation, 
navigation and hydropower require the preservation 
of minimum flows. Water quality goals place further 
constraints on water availability. Third, global 
averages mask the spatial and temporal variance of 
freshwater resource and requirement patterns. In 
many catchment areas, water is plentiful and 


Table 1 Global trends 


1900 1950 1990 


Population (billion) 1.6 2.5 5.3 
Water withdrawal per capita (m?/year) 360 540 570 
Water withdrawal total (km?/year) 600 1400 3000 


Source: Historic population from Biraben (1979); 1990 figure from 
UN (1992). Historic withdrawal estimates based on Shiklomanov 
(1993); 1990 figure from WRI (1994). 
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demands are modest, while in others water is very 
scarce, and already shortages are restraining 
development and degrading ecosystems. Episodic 
water scarcity arising from significant seasonal and 
annual hydrological fluctuations occurs even where 
time averaged resources appear adequate. 

The myriad natural and human uses of fresh water 
are linked by the unitary character of the water cycle 
(Rogers, 1992). The use and misuse of water in one 
location can have far-flung effects, altering 
downstream resources, affecting the reliability of 
water flows, and degrading water quality and aquatic 
ecosystems. As the competition for limited resources 
increases with expanding water use, water quality 
often deteriorates and ecosystem maintenance is 
compromised. In the absence of policies to address 
these tensions, water competition can evolve into 
discord between groups dependent on the same 
resources. Inadequate or degraded water is a matter 
of life and death in developing regions where perhaps 
25000 people die daily from water-related diseases 
(UNEP, 1991). Finally, global climate change has the 
perilous potential to alter precipitation patterns, to 
increase the incidence and severity of droughts and 
floods, and to cause intrusion of salt water in coastal 
areas (Houghton er a/, 1990). 

Reconciling the objectives of socio-economic 
development, environmental quality and ecosystem 
preservation into a resilient foundation for the 
future is the essence of the concept of sustainable 
development. There are three dimensions to 
sustainable water development: meeting human 
requirements today and in the future, ensuring water 
security and conflict resolution, and satisfying 
ecosystem requirements. The aim of this study is to 
examine global, regional and national water use 
trends with reference to these criteria. First, current 
resource and use patterns are summarized. Second, 
indicators of water sustainability are applied to 
evaluate present areas of water stress. Third, a long- 
range conventional development scenario is 
introduced for water to the year 2050, assuming 
mid-range population and economic projections, 
gradual evolution of human and natural systems, 
and = global ~=convergence of _ technological, 
institutional, and cultural processes. Finally, 
emerging issues for water development and their 
implications for a transition to a sustainable water 
future are discussed. 


Water resources and current use 


The system of water use and supply in its entirety is 
highly complex. It includes the natural resource 
base; the infrastructure for water delivery and waste 
handling; the equipment and practices of final water 
users; and the institutions setting the policy, 
financial, and regulatory context for water 
management. Here, the focus is on regional water 


resource and use accounts. The available data can 
provide a crude, but nevertheless useful, picture of 
global water use patterns relative to resource 
availability. 

The natural spatial unit for water resource 
evaluation is the hydrologic basin, which includes 
the catchment area or river basin, and the sub- 
surface aquifers. The resources of a river basin are 
relatively autonomous, dependent on other basins 
directly only through water diversions to or from 
neighboring basins and_ indirectly through 
alterations of hydrological patterns due to regional 
or global climate impacts. While there are several 
recent detailed assessments of water supply and 
demand issues for selected river basins (eg Raskin 
et al, 1992; HEC, 1994), comprehensive data are not 
available. River basins generally do not correspond 
to juridical units in which statistics are gathered on 
population or production activity. 

Consequently, the analysis here relies on water 
resource and use data at the national level. Countries 
are grouped into 10 multicountry regions based on 
comparable levels of socio-economic development 
and geopolitical considerations. The regional 
groupings and relevant data are gathered in Table 2. 
No regional configurations are without conceptual 
complications and daunting data problems. For 
example, the anachronism of including the former 
USSR (FSU) as a region is currently inevitable 
because that is the way the data have been organized 
historically. The regional structure employed here is 
reasonably manageable while preserving some spatial 
detail for the global analysis. 


Water resources 


Regional data for renewable freshwater resources are 
presented in Table 3. To gauge the relative water 
endowment of each region, two intensity figures are 
presented: water resources per capita and water 
resources per hectare. Latin America and North 
America enjoy the most copious per capita water 
resources, at 24000 and 20000 m’, respectively. By 
contrast, Eastern Europe and Middle East are at 
only 1500 m? per capita, roughly one-fifteenth of the 
resources of the Americas. On a per land area basis, 
South and East Asia has the highest intensity at 
about 11000 m? per hectare, while the Middle East 
again has the lowest, at 340 m?> per hectare. 

Disparities are even more striking at the country 
level (see Table 2). Nine countries, scattered through 
several regions, have renewable water resources 
exceeding 100000 m? per capita. Others — mostly 
small island nations and arid Middle Eastern and 
African countries — have negligible resources per 
capita. Moreover, since a single country may include 
hydrologic regions with very different resource use 
patterns, national data can mask local problems of 
water scarcity by aggregating regions with surpluses 
together with those with deficits. 
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Table 2 Current water resources, withdrawals and indicators 


Resources Withdrawals Indicators 
Region/country Internal River in-flows Total (km*) Per person Resources per person Use/resources Imports/ 
(km*) (km’) (m?/per (m*/per capita)* (%) resources (%) 
capita) 

World 40 900 2980 565 7750 7 

Africa 3820 145 226 5960 4 
Algeria 18.9 0.2 3 120 770 16 1 
Angola 158 na 0.48 48 15800 0 na 
Benin 26 na 0.11 24 5620 0 na 
Botswana 1 17 0.09 69 13 800 1 94 
Burkina Faso 28 na 0.15 17 3110 1 na 
Burundi 3.6 na 0.1 18 660 3 na 
Cameroon 208 na 0.4 34 17600 0 na 
Cape Verde 0.2 0 na 0 540 0 0 
Central African Republic 141 na 0.07 23 46 400 0 na 
Chad 38.4 na 0.18 32 6760 0 na 
Comoros 1.0 0 na 0 1860 0 0 
Congo 181 621 0.04 18 353 000 0 77 
Cote dIvoire 74 na 0.71 59 6170 1 na 
Djibouti 0.3 0 0.01 24 730 3 0 
Egypt 1.8 56.5 56.4 1080 1110 97 97 
Equatorial Guinea 30 na 0.01 29 85700 0 na 
Ethiopia 110 na 2.21 45 2230 2 na 
Gabon 164 na 0.06 51 140000 0 na 
Gambia 3 19 0.02 23 25600 0 86 
Ghana 53 na 0.3 20 3 530 1 na 
Guinea 226 na 0.74 128 39 200 0 na 
Guinea-Bissau 31 na 0.01 10 32 300 0 na 
Kenya 14.8 na 1.09 45 620 7 na 
Lesotho 4 na 0.05 28 2260 1 na 
Liberia 232 na 0.13 50 89900 0 na 
Libya 0.7 0 2.62 576 150 374 0 
Madagascar 40 0 16.3 1360 3 330 41 0 
Malawi 9 na 0.16 18 1030 2 na 
Mali 62 na 1.36 148 6730 2 na 
Mauritania 0.4 7 0.73 361 3660 10 95 
Mauritius 2.2 0 0.36 333 2040 16 0 
Morocco 30 0 10.85 433 1200 36 0 
Mozambique 58 na 0.76 49 3700 1 na 
Namibia 9 na 0.14 79 5060 2 na 
Niger 14 30 0.29 38 5690 1 68 
Nigeria 261 47 3.63 33 2840 1 15 
Rwanda 6.3 na 0.15 21 870 2 na 
Senegal 23.2 12 1.36 186 4800 4 34 
Sierra Leone 160 na 14.7 416 1420 29 na 
Somalia {1.5 0 0.81 108 1 530 7 6 
South Africa 50 na 14.7 416 1420 29 na 
Sudan 30 100 18.6 738 $160 14 77 
Swaziland 70 na 0.29 367 8810 4 na 
Tanzania 716 na 0.48 18 2780 1 na 
Togo 11.5 na 0.09 25 3 260 1 na 
Tunisia 3.8 0.6 2.3 281 530 53 14 
Uganda 66 na 0.2 11 3510 0 na 
Zaire 1020 na 0.7 20 28 600 0 na 
Zambia 96 na 0.36 43 11 400 0 na 
Zimbabwe 23 na 1,22 126 2370 5 na 

China + 3540 2870 505 409 14 
China 2 800 0 2460 460 404 16 0 
Korea DPR 67 na 3080 14.2 650 21 na 
Laos 270 na 65 200 0.99 239 0 na 
Mongolia 24.6 na 11 200 0.55 251 2 na 
Vietnam 376 na 5640 28.9 433 8 na 

Eastern Europe 148 1480 60.2 601 4] 
Albania 10 11.3 6550 0.2 62 1 53 
Bulgaria 18 187 22800 13.9 1540 7 91 
Czechoslovakia (former) 28 62.6 5780 5.59 357 6 69 
Hungary 6 109 10 900 6.35 602 6 95 


4 
Table 2—Continued 


Region/country 


Poland 
Romania 


FSU 


Latin Amertica 
Argentina 
Barbados 
Belize 
Bolivia 
Brazil 
Chile 
Colombia 
Costa Rica 
Cuba 
Dominican Republic 
Ecuador 
EI Salvador 
Guatemala 
Guyana 
Haiti 
Honduras 
Jamaica 
Mexico 
Nicaragua 
Panama 
Paraguay 
Peru 
Suriname 
Trinidad and Tobago 
Uruguay 
Venezuela 


Middle East 
Afghanistan 
Bahrain 
Cyprus 
Iran 
Iraq 
Israel} 
Jordan 
Kuwait 
Lebanon 
Oman 
Qatar 
Saudi Arabia 
Syria 


United Arab Emirates 


Yemen 


North America 
Canada 
United States 


OECD Pacific 
Australia 
Fiji 
Japan 
New Zealand 
Solomon Islands 


South and East Asia 
Bangladesh 
Bhutan 
Cambodia 
India 
Indonesia 
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Resources Withdrawals 
Internal River in-flows Total (km*) Per person 
(km’) (km?) (m? per 

capita) 
49.4 6.8 1 460 14.5 
37 171 8940 19.7 
4380 300 15200 358 
10600 24000 179 
694 300 30 800 27.6 
0.05 0 190 na 
16 na 84 200 0.02 
300 na 41000 1.24 
5190 1760 46 200 36.5 
468 na 35 500 16.8 
1070 na 32 400 5.34 
95 na 31 500 1.35 
34.5 0 3250 8.1 
20 na 2790 2.97 
314 na 29 700 5.56 
19 na 3610 1 
116 na 12600 0.73 
241 na 301 000 1.46 
1] na 1690 0.04 
102 na 19800 1.52 
8.3 0 3370 0.32 
357 na 4030 54.2 
175 na 45 200 0.89 
144 na 59 500 1.3 
94 220 73 400 0.43 
40 na 1 860 6.1 
200 na 476000 0.46 
5.1 0 3980 0.15 
59 65 40 100 0.65 
856 461 66 700 4.1 
224 1 530 130 
50 na 3020 26.1 
0 na 0 na 
0.9 0 1290 na 
118 na 2150 45.4 
34 66 5290 42.8 
1.7 0.45 470 1.85 
0.7 0.4 270 0.45 
0 0 0 0.5 
4.8 0 1780 0.75 
2 0 1 330 0.48 
0.02 0 50 na 
2.2 0 160 3.6 
7.6 27.9 2830 3.34 
0.3 0 190 0.9 
2.5 0 210 3.4 
5380 S11 1850 
2900 na 43.9 1660 
2480 na 467 1870 
1360 109 753 
343 0 17.8 1060 
28.6 0 0.03 39 
547 0 89.3 723 
397 0 19 560 
44,7 0 0 0 
9270 685 442 
1360 1000 22.5 195 
95 na 0.02 13 
88.1 410 0.52 63 
1850 235 380 445 
2 530 na 16.6 90 


na 
831 
2260 
402 
112 
245 
278 
320 
na 
255 
267 
566 
291 


19 500 
109 000 
9940 


9390 
20 300 
37 600 

4430 

117000 
114000 


5980 
20 400 
62 500 
60 400 

2440 
13 700 


Indicators 


(%) 


No 


= 


mld 
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—_ 


— 
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Resources per person Use/resources Imports/ 


(m°/per capita)* resources (%) 


12 
82 


na 
na 


ooooo 
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Table 2—Continued 


Resources Withdrawals Indicators 
Region/country Internal River in-flows Total (km?) Per person Resources per person Use/resources Imports/ 
(km?) (km’) (m*/per (m*/per capita)* (%) resources (%) 
capita) 
Korea Rep 63 na 27.6 645 1470 44 na 
Malaysia 456 na 9.42 $27 25 500 2 na 
Myanmar 1080 na 3.96 95 26000 0 na 
Nepal 170 na 2.68 140 8880 2 na 
Pakistan 298 170 153 1250 3816 33 36 
Papua New Guinea 801 na 0.1 26 207 000 0 na 
Philippines 323 0 29.5 473 5180 9 0 
Singapore 0.6 0 0.19 70 220 32 0 
Sri Lanka 43.2 0 6.3 366 2510 15 0 
Thailand 110 69 31.9 573 3210 18 39 
Western Europe 2140 301 663 4720 14 
Austria 56.3 34 2.12 280 11900 2 38 
Belgium 8.4 4.1 9.03 917 1270 72 83 
Denmark 11 2 1.17 228 2530 9 15 
Finland 110 3 3 602 22700 3 3 
France 170 15 43.7 778 3300 24 8 
Germany 96 75 53.7 693 2200 31 44 
Greece 45.2 13.5 6.95 692 5840 12 23 
Iceland 170 0 0.09 360 680 000 0 0 
Ireland 50 0 0.79 212 13 400 2 0 
Italy 179 7.6 56.2 985 3280 30 4 
Luxembourg 1 4 na na 13 500 na 80 
Malta 0.03 0 na na 90 na 0 
Netherlands 10 80 14.5 968 6020 16 89 
Norway 405 8 2.03 482 98 100 0 2 
Portugal 34 31.6 10.5 1020 6 380 16 48 
Spain 110 1 45.9 1170 2840 41 ] 
Sweden 176 4 3 355 21 300 2 2 
Switzerland 42.5 7.5 1.12 169 7560 2 15 
Turkey 196 7 23.8 425 3630 12 3 
United Kingdom 120 0 14.5 253 2100 12 0 
Yugoslavia 150 115 8.77 368 11 100 3 43 


Source: Population and average resource data from Gleick (1993b), except Germany and Yemen from WRI (1994). Total withdrawals from 


WRI (1994). Data are from the most recent year available. 
*Resources include river in-flows. 


Water withdrawals 


Water use patterns by region are provided in Table 4 
where annual current withdrawals are disaggregated 
into three sectors. The household and services sector 


Table 3 Current annual water resources by region 


Region Total Per person Per land 
(1000km°) (1000m° per area 
capita) (1000 m?/ha) 
Africa 3.8 6.0 1.3 
China + 3.5 2.9 3.1 
Eastern Europe 0.15 1:5 1.7 
FSU 4.4 15.2 2.0 
Latin America 10.6 24.0 5.3 
Middle East 0.22 1.5 0.34 
North America 5.4 19.5 2.9 
OECD Pacific 1.4 9.4 1.6 
South and East Asia 9.3 6.0 10.9 
Western Europe 2.1 47 4.7 
World 40.9 78 3.1 


Source: Total resources and resources per person drawn from 
Table 2. Land areas from FAO (1990). 


includes indoor and outdoor residential uses; 
commercial establishments such as_ laundries, 
restaurants and hotels; and human service activities 
such as hospitals, schools, and government. The 
industrial sector includes manufacturing, mining, 
power production, and refining. The agriculture 
sector includes agriculture and livestock. 

Reflecting a high level of development in industry 
and agriculture and a low priority on water 
efficiency, per capita withdrawals are considerably 
higher in North America and the FSU than any 
other region. Western Europe and OECD Pacific, 
although fully industrialized, withdraw much less 
water per person, at 660 and 750 m° per capita, 
respectively. Africa’s per capita withdrawal of 
230 m? reflects a low level of industrialization and, 
more importantly, the continent’s difficulty in 
providing sufficient fresh water to meet basic human 
needs. 

With the exception of OECD-Pacific, all regions 
withdraw less than 15% of the total for use in 
households and services. Industrial and agricultural 
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Table 4 Current annual withdrawals by region 


Region Total (km°) Per person Household and Industry (%) Agriculture (%) 
(m? per capita) services (%) 
Africa 150 230 8 7 84 
China + 500 410 7 7 86 
Eastern Europe 60 600 9 60 32 
FSU 360 1240 7 27 65 
Latin America 180 400 12 11 76 
Middle East 130 880 5 6 89 
North America 510 1850 13 47 39 
OECD Pacific 110 750 25 28 47 
South and East Asia 680 440 4 6 90 
Western Europe 300 660 14 49 37 
World 2980 570 9 22 68 


Source: Total withdrawals and withdrawals per capita drawn from Table 2. Sectoral percentages from WRI 


(1994). 


percentages vary widely between regions. Eastern 
Europe, Western Europe, and North America 
withdraw the highest percentage for industry: 60%, 
49% and 47%, respectively. Industry also accounts 
for more than 25% of withdrawals in the FSU and 
OECD Pacific, but accounts for 11% or less in all 
other regions. In these less industrialized regions, 
most water is withdrawn for irrigation and livestock. 
Agriculture withdrawals account for more than 75% 
of the total in Africa, China +, Latin America, 
Middle East and South and East Asia. 


Sustainability indicators 


While the philosophical foundations for water 
sustainability are reasonably clear, the details are 
not. The process of converting broad concepts into a 
practical basis for analysis and decision-making is 
still in its infancy. Operationalizing sustainability 
will require, inter alia, clarification of the criteria for 
achieving sustainability and of the appropriate 
quantitative measures for gauging progress and 
monitoring performance. Ultimately, action-oriented 
approaches to sustainable water development will 
need to be tailored to local conditions, needs, and 
values. 

Preliminary indicators of water sustainability are 
reviewed below and applied to the global water 
resources and use data. It should be stressed that the 
discussion here focuses on biophysical aspects of 
sustainability. The question considered is whether 
water resources are adequate - assuming 
infrastructure development — to provide growing 
and diverse water services for economic activity, for 
people, for water quality maintenance, for ecosystem 
preservation and for in-stream uses. There is 
another dimension to sustainability not addressed 
here: the economic capacity of countries to develop 
the infrastructure required to mobilize water 
resources. Today, many countries have abundant 
water resources, while some of their citizens suffer 
from inadequate access to water for basic health and 
sanitation needs. Though biophysical sustainability 


may be satisfied for a given country or region, the 
water situation nevertheless may not be compatible 
with a broader notion of sustainability which 
encompasses meeting basic human needs. 


The water barrier 


The water barrier concept is the most widely cited 
measure of water sufficiency (Falkenmark, 1989; 
Falkenmark et al, 1989; Falkenmark and Widstrand, 
1992; Gleick, 1993a; FAO, 1993; Engleman and 
LeRoy, 1993). This approach seeks a single, simple 
measure of a country’s water situation, in order to 
identify areas where water requirements are pushing 
the limits of water resources. Then, based on 
population projections, the measure is used to 
identify countries that may approach the water 
barrier in the future. 

The water barrier analysis begins with an index of 
water availability for each country, defined as the 
ratio of annual renewable resources to population. 
Where the index is greater than 1700 m? per person, 
a country is said to have sufficient water, with 
occasional or local water problems only. Between 
1000 and 1700 m?, a country confronts water stress, 
where water shortages are more pervasive, and 
water management becomes more important. With 
less than 1000 m? available per person, a country 
reaches water scarcity, where chronic water 
shortages threaten economic development and 
human health and well-being. Below 500 m’, a 
country crosses the water barrier and faces absolute 
water scarcity (Falkenmark and Widstrand, 1992). 
These categories are summarized in Table 5. 


Table 5 Water barrier demarcations 


Index (m° per capita) Condition 
> 1700 No stress 
1000-1700 Stress 
500-1000 Scarcity 
< 500 Absolute scarcity 


Source: Falkenmark and Widstrand (1992). 
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This approach has the advantage of providing a 
simple and comprehensive bird’s eye view across 
countries. It relies on only two types of data, 
renewable water supply and population, both of 
which are available and relatively reliable. Using the 
above criteria, areas under water stress include 
Eastern Europe and the Middle East. Further, at the 
country level in 1990, 11 countries have already 
reached water stress, 7 countries have reached the 
more serious condition of water scarcity and 13 
countries are experiencing absolute water scarcity 
(see Table 2). Most of these countries are located in 
the Middle East and Sub-Saharan Africa, regions 
where future increases in population will likely 
burden an already overloaded resource even further. 

A difficulty with the water barrier index is that as 
the ratio of resources to population, it makes no 
reference to withdrawal requirements. In essence, it 
assumes that the pressure on water resources may be 
examined with reference to population alone. 
However, national differences in per capita demands 
differ due to the local mix of economic activities, 
trade structure, dependency on irrigated agriculture, 
livestock practices and lifestyle. The scarcity and 
stress thresholds listed above, however, are based on 
a single point within a wide range of unique 
national situations. 

The issue is illustrated in Table 6 which compares 
two hypothetical countries with identical 
populations, average wealth, and water resources. 
Since the resource index is 1000 m? per capita for 
each country, the water barrier approach would 
conclude that they are subject to comparable levels 
of water stress. However, assume further that 
country A is highly agrarian with 60% of value 
added associated with water-intensive agriculture 
output, while country B’s agriculture contribution to 
GDP is only 10%, and the contributions of services 
and other sectors are much larger than in country A. 
Consequently, withdrawals are three times greater in 
country A, as are gross water intensities, defined as 
withdrawals per unit of GDP. Finally, comparing 
withdrawals to resources, country A withdraws 
150% of renewable resources while country B 
withdraws 50%. Consequently, the water barrier 


Table 6 Comparative index for two hypothetical countries 


Characteristic A B 
Population (million) 20 20 
GDP (billion US$) 100 100 
GDP per capita (US$) 5.000 5.000 
Resources (km?/year) 20 20 
Economic structure (%) 

Agriculture 60 10 

Industry 25 40 

Other 15 50 
Withdrawals (km*/year) 30 10 
Water intensity (m’/$GDP) 0.3 0.1 
Withdrawals/resources |) 0.5 


analysis notwithstanding, the water situation in 
country A appears far more dire than in country B. 


Use-to-resource ratio 


To supplement the water barrier concept with a 
measure that directly compares water requirements 
to available resources, the use to resource ratio is 
introduced, defined as the ratio of water use to 
renewable water resources.' Such an index was 
originally developed by the Polish scientist Balcerski, 
who was investigating the problems encountered by 
countries where water use approached the stable 
fraction of water supply (Falkenmark and Lindh, 
1976). End-use efficiencies, population, climate and 
the level of industrial and agricultural development 
are factored in through their effect on use levels. 

It is difficult to establish theoretical values linking 
the use-to-resource ratio to the levels of water 
sufficiency. However, a country which withdraws a 
large fraction of its renewable resources is likely to 
encounter water scarcity. Compatibility with long- 
term sustainability would require that most water is 
returned after use at acceptable quality levels, that 
groundwater stocks not be mined, that in-situ uses 
are not undermined, and that there is enough 
storage in the system to weather hydrological 
variability due to climate, or human alteration in 
upstream countries of imported water flows. 

Balcerski suggested that European countries with 
ratios above 20% would find water issues 
significantly affecting the total economy of the 
country, while countries with ratios below 5%, 
would find water issues solvable without serious 
problems (Falkenmark and Lindh, 1976). Gleick 
(1993a) lists countries with ratios above 33% in 
which potential shortages could arise due to 
decreased supply or increased demand. For purposes 
of analysis, a ratio of 25% is considered as indicative 
of water stress, depending on the specific region or 
country conditions. Instead of defining firm cutoff 
points, it is simply recognized that, as the use-to- 
resource ratio increases, countries will generally 
experience greater water stress and scarcity. The 
current situation is summarized in Table 7. 


Import dependence 


An additional aspect of water sustainability is the 
reliability of water resources. A nation’s water 
security is jeopardized when its available water is 
heavily dependent on international inflows from 
neighbouring countries. A measure of such 


‘Water use refers here to withdrawals. The ratio of water 
consumption to renewable water resources would also provide useful 
insight, but country and regional data on consumption are not 
available. In applying the use-to-resource ratio, care must be given 
in situations where withdrawals are heavily for non-consumptive 
use such as power plant cooling where a relatively small fraction 
of withdrawals are consumed. In these cases the use-to-resource 
ratio may exaggerate the pressure on water resources. 
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Table 7 Current water constraints according to use to resource 
index 


Country Index (%) Condition 
Kuwait very high Scarcity 
Libya 374 

United Arab Emirates 300 

Saudi Arabia 164 

Yemen 136 

Egypt 97 

Israel 86 

Belgium 72 

Tunisia 53 

Afghanistan 52 

Korea Rep 44 

Iraq 43 

Spain 41 

Jordan 41 

Madagascar 41 

Iran 39 

Morocco 36 

Pakistan 33 

Singapore 32 

Germany 3] 

Italy 30 

South Africa 29 

Poland 26 Stress 


Source: Table 2. 


vulnerability is the import dependence index, defined 
as the percentage of total renewable water resources 
originating outside a nation’s borders. The higher 
this figure, the greater the potential for water related 
conflict. 

As upstream water use increases in the future, the 
renewable water resources of countries with high 
import dependence will, in effect, be reduced. 
Therefore, import dependence is directly linked with 
both indicators introduced above. As shown in Table 
8, at least 19 countries relied on imported water for 
over 50% of their renewable water resources in 1990. 


The conventional development scenario 


Scenarios are narratives about future conditions, 
expressed in words and numbers, which provide a 
cognitive aid for visualizing alternative futures, for 
examining the interactions of socioeconomic and 
environmental change, and for guiding policy 
formulation. Scenarios are not projections or 
forecasts; indeed, scenarios may not even be 
probable. A water scenario is defined by assumptions 
about many interacting elements: population growth 
and demographic patterns, economic scale and 
structure, technology and efficiency, policies and 
institutions, life-styles and values. 

Here the focus is on a single reference, or ‘business 
as usual’, scenario, which tries to capture the effects 
of current trends, policies and development goals. 
The purpose of the Conventional Development 
Scenario (CDS) is to give a rough indication of 
water conditions under mainstream assumptions 
about long-run development, and to provide a point 


Table 8 Import dependent countries 


Country Import component of renewable 
water resources (“%) 
Egypt 97 
Hungary 95 
Mauritania 95 
Botswana 94 
Bulgaria 91 
Netherlands 89 
Gambia 86 
Cambodia 82 
Romania 82 
Luxembourg 80 
Syria 79 
Congo 77 
Sudan 77 
Paraguay 70 
Czechoslovakia (former) 69 
Niger 68 
Iraq 66 
Albania 53 
Uruguay 52 


Source: Table 2. List is partial since imported water is not available 
for more than 50 countries. 


of departure for generating alternative and perhaps 
more desirable futures. In the CDS vision of the 
future, economic, technical and institutional trends 
unfold in a continuous and predictable fashion, and 
the values, lifestyles and socio-economic 
arrangements of Western industrial culture 
gradually penetrate all regions of the globe. 

The conventional development paradigm assumes 
that the engines for economic growth and wealth 
allocation are free markets, private investment, and 
competition; population increases at mid-range 
projections with a _ continuation of rapid 
urbanization; modernization and industrialization 
progressively absorbs nations and regions on the 
periphery of the world economy; human motives are 
dominated by the value of possessive individualism 
with material wealth the basis for the ‘good life’; 
and the nation state survives as the central unit of 
governance in the modern era. 

In this picture, the cluster of factors shaping the 
world of the 21st century might be thought to 
include the globalization and deepening of the 
information revolution; the progressive 
homogenization of culture on a global scale; the 
expansion of consumerist and individualist personal 
values; the convergence of developing country 
economies, technologies, and cultures toward those 
of industrial countries; and the increasing economic 
dominance of large multinational corporations in an 
international economic field. 


Structure of the analysis 


Total water requirements in any area are comprised of 
the separate requirements of all water users in the 
system. It would be useful to represent the system in 
sufficient richness and detail to reveal important 
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patterns and policy opportunities. Unfortunately, the 
scope for such disaggregation is restricted by an 
exceedingly sparse set of water use data at national 
and regional levels. Consequently, the water scenario 
is based on a limited structure which includes three 
sectors — domestic, industry, and agriculture. Industry 
is further disaggregated into energy (thermoelectric 
generation and petroleum refining) and manu- 
facturing. Manufacturing, in turn, is disaggregated 
into six subsectors. Only the major assumptions and 
overall scenario results are presented here.” 


Major assumptions 


The scenario incorporates widely accepted mid-range 
population and economic projections of the World 
Bank and United Nations. As shown in Table 9, 
world population nearly doubles in the scenario, 
reaching a value of just over 10 billion people by the 
year 2050. About 95% of the growth occurs in 
developing countries. In particular, Africa and 
South and East Asia account for 3 billion in 
additional population. By contrast, industrial 
regions (North America, West Europe and OECD 
Pacific) and the transitional regions (FSU and 
Eastern Europe) have relatively stable populations, 
with the former’s share of world population 
decreasing from just over 20% to just over 10%. 
Current and projected values of GDP are shown in 
Table 10. These typical mid-range projections are 
within the range of forecasts given by the World 
Bank (WMO, 1992). The global economy expands 
by a factor of 4.5 with growth rates most rapid in 


?Details of the disaggregated analysis can be found in Raskin e¢ al 
(1995). This research was conducted as part of the PoleStar project 
of the Stockholm Environment Institute which is examining the 
conditions for a transition to sustainability. Water is treated as 
one of a number of significant components of socio-ecological 
systems; the project employs a special accounting software, the 
PoleStar system, for integrating analyses. The PoleStar system 
was used to conduct the analysis presented here. 


Table 9 Population projections (millions) 


the developing regions. However, as shown in 
Table 11, the absolute difference between per capita 
incomes in industrial and developing regions 
increases substantially in the scenario. 

In the CDS, it is assumed that the economic 
structure — the composition of economic activity — in 
developing regions follow a trajectory analogous to 
the OECD countries, which in turn continue recent 
trends. In essence, the CDS assumes a gradual 
process of convergence of regional economies as 
GDP per capita increases. 


Scenario results 


The conventional development scenario is 
summarized by a set of global indicators shown in 
Figure 1. The scenario poses a world of greatly 
expanded human activity. By the year 2050, 
population nearly doubles relative to 1990, GDP per 
capita more than doubles, and world economic 
output more than quadruples. Freshwater 
requirements increase at a much slower rate than 
economic output, by a factor of just under 1.5 over 
the period, from about 3000 km? to 3700 km? in 
2025 and 4300 km?’ in 2050. The decrease in 
aggregate water intensity (water requirements per 
unit of GDP) is traced both to increasing water 
efficiency and gradual shifts to less water intensive 
economic activities. 

A more detailed view of the CDS is provided by 
the regional indicators in Figure 2. The rapid 
increase in water use in the developing regions is 
driven by population and economic growth, and 
partially offset by improving water use efficiencies 
and less water-intensive economic structures (eg 
decreasing share of agriculture in total output) as 
developing country patterns converge toward 
advanced industrial country practices. 

Regional water withdrawals in the scenario are 
presented in Figure 3. In the three OECD regions 
(North America, Western Europe and OECD 


Region Growth rate (% year) 
1990 2025 2050 1990-2025 2025-2050 
Africa 640 1519 2204 2.5 1.5 
China + 1223 1 733 1867 1.0 0.3 
Eastern Europe 100 145 121 0.4 0.2 
FSU 289 332 349 0.4 0.2 
Latin America 445 699 812 1.3 0.6 
Middle East 151 384 557 2.7 1.5 
North America 277 330 322 0.5 -0.1 
OECD Pacific 145 161 157 0.3 -0.1 
South and East Asia 1564 2 634 3214 1.5 0.8 
Western Europe 456 489 477 0.2 -0.1 
World 5290 8 395 10080 1.3 0.7 
Industrial 878 980 956 0.3 0.1 
Transitional 389 447 470 0.4 0.2 
Developing 4023 6968 8654 1.6 0.9 


Source: Figures for 1990 from the World Bank (1993); projections from World Bank analysis (Bulatao, 1989) and 


the UN (1992), 
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Table 10 GDP projections (billion US$1990) 


Region Growth rate (% year) 
1990 2025 2050 1990-2025 2025-2050 
Africa 401 1657 4245 4.1 3.8 
China + 451 2698 6391 5.2 3.5 
Eastern Europe 210 467 679 2.3 1.5 
FSU 854 1898 2756 2.3 1.5 
Latin America 994 3018 6038 3.2 2.8 
Middle East 541 2237 5071 4.1 3.3 
North America 6040 14884 21063 2.6 1.4 
OECD Pacific 3524 8100 11 748 2.4 1.5 
South and East Asia 1043 4943 12631 4.5 3.8 
Western Europe 7171 15917 23 660 2.3 1.6 
World 21 230 55820 94 282 2.8 2.1 
Industrial 16735 38 901 56471 2.4 1.5 
Transitional 1 065 2 366 3435 2.3 1.5 
Developing 3430 14553 34 376 4.2 3.5 


Source: Figures for 1990 from the World Bank (1993); growth rates from WMO (1992). 


Table 11 GDP per capita projections (US$1990) 


Region Growth rate (% year) 
1990 2025 2050 1990-2025 2025-2050 
Africa 626 1091 1926 1.6 2.3 
China + 69 1557 3423 4.2 3.2 
Eastern Europe 2 108 4073 5626 1.9 1.3 
FSU 2956 5712 7889 1.9 1.3 
Latin America 2233 4315 7435 1.9 2.2 
Middle East 3585 5832 9110 1.4 1.8 
North America 21804 45127 65477 2.1 1.5 
OECD Pacific 24 304 50301 74803 2.1 1.6 
South and East Asia 667 1877 3930 3.0 3.0 
Western Europe 15726 32 548 49 607 2.1 1.7 
World 4013 6649 9354 1.5 1.4 
Industrial 19060 39699 59 089 2.1 1.6 
Transitional 2738 5 292 7308 1.9 1.3 
Developing 853 2089 3972 2.6 2.6 


Source: Figures for 1990 from the World Bank (1993); growth rates from WMO (1992). 
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Figure 1 Global patterns in the CDS 
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Figure 2. Regional patterns in the CDS in 2050 


Pacific), historic growth in withdrawals slows 
considerably in the CDS. In fact, withdrawals in 
North America eventually decrease, while moderate 
growth occurs in Western Europe and OECD Pacific. 
In contrast, withdrawals in China+ and South and 
East Asia nearly double over the period to satisfy the 
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domestic needs of burgeoning populations, input 
requirements for manufacturing and_ energy 
production in rapidly growing economies, and 
irrigation requirements for the intensification of 
agriculture. By 2050, 45% of global withdrawals are 
projected to occur in China and South and East Asia. 
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Figure 3. Total water withdrawals in the CDS 


Sustainability and the conventional picture 


The sustainability indicators introduced above 
provide further insight into the implications of the 
CDS water future. It is worth restating that, because 
regional aggregations combine countries with water 
surplus and countries with water shortages, regional 
indices provide only a coarse indication of potential 
water problems. For example, at a quick glance the 
aggregate situation in North America, the FSU and 
China regions may appear to be satisfactory; 
however, serious water stress conditions already 
exist in western USA, the Aral Sea region and the 
North China Plain. This notwithstanding, the trends 
in the sustainability indicators help to clarify the 
patterns of change and the relevant issues for water 
sustainability. 

The water barrier index increases inversely with 
population, since it is defined as renewable water 
resources divided by population and renewable 
resources are assumed constant.? The figures are 
compiled in Table 12. Broadly, all areas experience 
increasing pressure on water resources, implying 
that water sufficiency problems at the river basin 
level that may currently exist will be aggravated. In 
the water barrier approach, it may be recalled that 
the threshold value for water stress is assumed to be 
about 1700 m? per capita for countries. Presumably, 
a higher threshold would signal regional water stress 


3In fact, in the CDS regional hydrological patterns might be signif- 
icantly altered due to climatic changes brought about by rapidly 
rising greenhouse gas emissions (Raskin and Margolis, 1995). 
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because of the aggregation problem discussed above. 
By this reckoning, the CDS suggests that the water 
picture will deteriorate badly in the Middle East 
region, where population is growing rapidly. 
Furthermore, according to the index, water 
problems can be expected to severely deepen in 
Eastern Europe, China and Africa. 

A similar picture emerges for the second indicator: 
the use-to-resource ratio. The regional trends in the 
CDS are shown in Table 13. The ratio increases for 
the Middle East from 58% in 1990 to 94% in 2050, 
for Eastern Europe from 41% in 1990 to 66% in 
2050, and for China+ from 14% in 1990 to 24% in 
2050. In the other regions, one again sees an 
intensification of current pressures on the water 
resource base. When reviewing the trends in regional 
use-to-resource ratios, it is important to keep in mind 
that aggregating to the regional level masks 
significant differences in water resources and use 
across subregions and countries. Thus, while at the 
country level a use to resource ratio of 25% would be 
indicative of water stress, a much lower ratio for a 
multicountry region would suggest water sufficiency 
problems for some countries within a region. 

For Africa, the picture suggested by the use-to- 
resource ratio is more sanguine than for the water 
barrier (compare Tables 12 and 13). This is related 
to the peculiarity of the water barrier formulation 
that only population is reflected, not water use 
patterns. In the CDS, population growth is high in 
Africa while use-per-capita growth is low, thus 
accounting for the disparity. Similarly, the 
prognosis for the Middle East in the CDS 
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Table 12 Water barrier index in the CDS (m° water resources per 
capita) 


Region 1990 2025 2050 

Africa 6000 2500 1700 
China + 2900 2000 1900 
Eastern Europe 1 500 1300 1200 

FSU 15200 13 200 12600 
Latin America 23900 15200 13 100 
Middle East 1500 600 400 
North America 19 400 16 300 16700 
OECD Pacific 9 400 8 400 8700 
South and East Asia $900 3 500 2900 
Western Europe 4700 4400 4500 
World 7700 4900 4100 


according to the use-to-resource indicator, while 
severe, is less dire than suggested by the water 
barrier index. Because the use-to-resource ratio 
reflects the structure of water use, in addition to 
population changes, it is a more reliable indicator 
of emerging water problems. 

Based on the criteria of use-to-resource ratios 
exceeding 25%, we have seen that some 23 countries 
are currently facing generalized water stress, with far 
more facing subnational water sufficiency 
problems.’ If the regional growth patterns in water 
withdrawals, as depicted in Figure 3, were applied to 
the countries within each region, then the number of 
countries experiencing generalized water stress by 
2050 would increase by more than 50%. More 
importantly, emerging water problems would be 
intensified due to increased pressures for water 
within water pressed subnational river basins of 
countries which in aggregate appear to have a water 
surplus. 


Strategic implications 


The CDS has focused on the adequacy of water 
resources to meet increasing withdrawal 
requirements. In addition to considering trends in 
off-stream water (consumptive) demands, an 
assessment of changing water requirements needs to 
consider requirements for competing in-stream (non- 
consumptive) services. There are three categories of 
such services. First, direct uses include the 
maintenance of reliable water flows for hydroelectric 
facilities, navigation and recreation. For example, in 
the CDS, annual hydroelectric power production 
increases by a factor of five in developing regions 
(Raskin and Margolis, 1995). Second, water systems 
are relied on for the assimilation of human waste 
products and pollution. Third, fresh water is needed 
for ecological services such as maintaining life 
support systems, cycling nutrients and providing 


“The now independent Central Asian republics facing severe water 
Stress are not among these since they are considered as part of the 
FSU in the analysis. 


Table 13 Use to resource ratio in the CDS (%) 


Region 1990 2025 2050 
Africa 4 5 7 
China + 14 19 24 
Eastern Europe 4) 60 66 
FSU 8 10 | 
Latin America 2 2 3 
Middle East 58 75 94 
North America 9 11 11 
OECD Pacific 8 9 9 
South and East Asia q 9 12 
Western Europe 14 16 16 
World 1) 9 11 


habitats. To the degree that demands increase for 
these various non-consumptive in-stream water 
services along with expanded water withdrawal 
requirements for production and domestic uses, 
future water constraints may be more profound then 
suggested by a focus on withdrawals alone. 

The indirect role of water in ecosystem 
preservation is an increasingly important focus of 
water management and is closely related to the 
notion of sustainable water development (Shabman, 
1993). The so-called watershed perspective 
transcends the conventional water sector policy 
focus on hydrology, water engineering and flood 
control by conceptualizing the role of water in the 
complex chemical, physical and biological processes 
and interactions that comprise human and natural 
systems. This approach places considerations of 
land-use, water quality, biotic preservation and the 
maintenance and restoration of ecosystems along 
side the engineering of water systems to service 
economic and development requirements. By seeking 
to harmonize long run ecosystem needs with direct 
water exploitation, the watershed perspective can 
help operationalize the notion of sustainable water 
development. 

Ecologically oriented water management must 
address a series of methodological and institutional 
challenges. The delineation of an appropriate mix of 
water applications -— withdrawals, in-stream 
activities, waste assimilation, preservation and 
restoration of lakes, rivers, wetlands and estuaries — 
will require a valuation process for addressing these 
varied uses in an_ integrated framework. 
Furthermore, it will require placing the demand side 
of the equation on an equal footing with the supply- 
side. 

In close analogy to the integrated resource 
planning concept, which is increasingly applied to 
electric utilities, water demand-side management 
treats efforts to improve the efficiency of water 
consuming equipment, decrease losses in water 
distribution systems and improve the housekeeping 
of water users on a parallel footing with increasing 
water supply. A unit of water saved is a unit of 
supply avoided. A least-cost development strategy 
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would include demand-side measures which reduce 
withdrawal requirements at a lower cost than 
increasing supply. In comparing options, both 
monetary costs and non-monetary costs which are 
external to the market would be considered. 
Externalities include environmental and social costs 
not reflected in market transactions. 

While the global perspective can offer insight into 
the broad contours of the requirements for water 
sustainability, the specific policies for balancing 
competing objectives, devising appropriate pricing 
and allocation schemes, and other measures to 
manage the water system must be customized to 
local conditions and institutions. Within an 
integrated resources planning framework, there is 
great scope for cost-effective efficiency measures. 
This is especially true given the inevitable increase in 
the costs of new supply since the best sites tend to 
be developed first and there are diminishing returns 
on the expansion of existing facilities (Frederick, 
1991). Policies and programs will need to be 
formulated to foster least-cost integrated resource 
management. This will include adjusting prices and 
incentives to foster good water management 
practices at the end-use, accelerating the 
implementation of efficient water using equipment 
through financial and promotional campaigns, 
plugging leaks and reducing evaporative losses in 
water delivery systems, and reducing extravagant 
applications in water scarce environments (eg lawn 
watering in arid areas). It also means controlling 
pollution loads so as to reduce the burden on water 
bodies as a sink for waste, and allocating sufficient 
water to preserve watershed ecosystems. 

A transition to water sustainability requires that 
institutions be strengthened and more unified 
(Biswas, 1991). In most countries, the transition to 
an integrated approach to water management will 
require overcoming the current fragmentation of 
institutional responsibilities where numerous 
agencies plan and make policy on various aspects 
affecting water withdrawals, power generation, land 
use in watersheds, macroeconomic policies that 
influence the water sector, and environmental 
protection. The creation of a new institutional 
framework that reflects the unitary and diverse 
character of water, with the aim of balancing the 
needs of assorted users in a context of long-range 
environmental preservation is the major challenge to 
water sustainability. In addition to coordinated 
national water institutions, there is a parallel need 
for establishing international procedures for the 
management of international rivers, lakes and seas 
in a manner that reduces the threat of conflict and 
environmental degradation of common resources. 

New institutions for water sustainability will 
require new water professionals who can integrate 
the many scientific, engineering, economic and 
environmental aspects of the problem. Water 
planning and policy in this new paradigm will 


require gathering and organizing appropriate data, 
and developing methodological approaches and new 
analytical frameworks that reflect sustainability 
criteria (HEC, 1994; Raskin and Hansen, 1994). 
Building these institutional, human and intellectual 
dimensions of the transition to sustainability can be 
catalysed by directing foreign assistance, post- 
graduate degree programmes and research agendas 
towards these goals. 

The scenario presented in this study begins to 
clarify the long-range problems of conventional 
water development. Moreover, it provides a context 
for examining alternative long-range scenarios and 
their implications for water policy. The strong 
interactions of water issues with other components 
of the socio-ecological system underscore the 
difficulty of treating questions of water 
sustainability in isolation. Ultimately, water 
sustainability must be linked to issues and dynamics 
beyond even the total watershed perspective to 
reflect the important connections between water use 
patterns and future demographic, lifestyle, energy 
and even geopolitical factors. Strategies for 
sustainable water development must be embedded in 
an integrated analytic framework that reflects these 
linkages, and understands the transition to 
sustainability as an integrated human _ and 
environmental process. A new _ sustainability 
paradigm will be required to rethink the values, 
transcend the assumptions and avoid the pitfalls of 
the conventional development path. 
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